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W ’ the Airland Research Model which, vhen combined with the
x thesis of Captain Robin Lindstrom, produces a complete,
ﬁ? operational field artillery module. The proposed module is
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I. THE AIRLAND BESEARCH MODEL

A. GENERAL

The Airland Research Model is being designed to conduct
research on factors impacting on combat operatioans
conducted using the Air-lLand Battle doctrine. This doctrine
calls for United States forces to fight an integrated battle
in the air and on the ground, <fighting the opposing forces
in depth. Ground forces fight the battle at the forward line
of trcops to halt and defeat an attacking force while indi-
rect fire and air assets fight the battle, in depth, against
followon forces to defeat them before they influence the
battle.Additicnally, US forces must conduct operations in
depth to disrupt the enemy's supply 1lines to prevent
resupply and reconstitution of those forcés already
defeated. .

B. REQUIREMENT FOR A NEW PIELD ARTILLERY MODEL

The purpose of this thesis is to outliage the require-
ments necessary to create a prescriptive model of the field
artillery based wupon current organization, equipment and
doctrine. An investigation of existing models revealed that
there were none in existence that met this criteria. The
STAR, CASTFOREM and FAST models employ field artillery at
different levels of command; however none of these models
represent the full <capability of a Divisioa Artillery
equipped with TACFIRE/BCS. The methodology employed by
these models requires sigrificant user input which precludes
their use in a truly prescriptive mode. Command and control
modelinqg consists of either simplistic decision logic tables
or user input actions.

The FISSTAC @model developed by TRASANA is an explicit
representation of the TACFIRE system but was designed to

10
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model software changes in the system and does not represent
the tactical phases of a battle. additionaily, the level of
detail that tae model uses to represent TACFIRE communica-
R tions traffic processing is [frohibitive when used in the
é context of a model such as the Airland Research Nodel.
! Therefore, the requirement exists to develop a new model of
' M the field artillery, drawing on existing methodology wnere
i, practical.

i wiiel - -

C. ASSUMPTIONS

It is necessary to assume certain factors will remain
u relatively stable in order to model tkhe field
5 artillery.These revolve primarily around organization, major
equipment and doctrine curreatly employed by the <field
artillery.

> The aAirland Research Model is being designed to model
N the battle through Corps level. Therefore, it will be
¥ assumed that the organization of the field artillery within
the Corps remains relatively stable. Restructuring of the
field artillery to conform to "Army of Excellence' Tables of
Oorganization and Equipment has been accomplished. It is this
basic organization, and the explicit command relationships
that it outlines, which will be incorporated into the model.
The module does have the capability to accept modified force
structures for the purpose of experimentation, or for actual
modifications, as proposed in the recently published
"Azimuth of the Field Artillery" [Ref. 1].

Tactical and technical fire direction, intelligence and
target generation, unit firing status and fire support coor-
dination have been automated by TACFIRE. #While the logic
employed by TACFIRE is constantly undergoing revision, with
revision 7 currently being fielded, no major changes to
program logic are scheduleil to occur. Introduction orf the
AFATDS system will not significantly effect the module but
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will regquire scme modification to the fire direction submo-
dules and the addition of some AFATDS routing logic.
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-
f?E Many tactical decisions are modeled based on the rela-
§L: tive value of a target. A deneralized value system, as
- explained in Ref. 2 and Ref. 3, is currently under develop-
': ment at the Naval Postgraduate .School. This system assigns
%%A an absolute value to each target themn discounts this value
;‘ based on the location of the target relative to a unit's
Oy area of interest. This results in a different target value :
- analysis (TVA) for a target depending on the level of unit
;:? by which it is considered. It is this system which will be
.;f used throughout the thesis, with the assumption that the
) ongoing research Hiil result in a satisfactory target value
‘k? systen.
gﬁ Finally, since the Airland Research Model is being
if{ designed to evaluate itams using the Air-Land Battle
- doctrine,it is assumed that the primary emphasis will be on
j{j NATO and CENTCOM type scenarios in which conventiornal
.ﬁ;f warfare is coanducted in depth.This assumption is essential
§;: to the design of both the doctrine to be employed and the
‘ capabilities of tue field artillery which are to be modeled.
e,
e D. OBRGANIZATION OF THE THESIS
': This thesis has been developed in conjunction with
%

Captain ERobin Lindstrom. Due to academic requirements, it

j). has been necessary to segment the module into two theses

X \-' . . . . .

‘jﬁ, which, when combined, provide the documentation and logic

.ﬁ:‘.) . .

e necessary to create and support an operational field

L artillery module. The companion thesis is 1listed as
: Reference 4 . As such, it consists of explanations of new
"."n’ . N . .

;~ techniques, explanations of the organization of the modules,

- ‘.

'ﬁh and pseudo-code implementation of decision and allocation

%? routines. The two theses are organized similarly with

i\: Chapters 1, 2, 3 and 6 common to both theses. Chapter 2

$ﬁ: contains an explanation of the orgamnization and operations

‘#; of the field artillery which have been modeled. Chapter 3

3:? presents an overview of the model and the factors repre-

" sented. Chapters 4 and 5 are different as shown:

f@
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4 Target Selection Movement

5 Target Engagement Target Detection
Chapter 6, in both theses, contains an explanation of the
datakase requirements for the module. Where new techniques

have appeared suspect, sample programs were developed and
run to demonstrate the feasibility of the methodology. These
programs are included as appendices. Explanations of the
submodules are contained in the chapters, by functional
area, with the actual submodule 1logic contained in the

appendices.
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R II. ORGANIZATION OF THE FIELD ARTILLERY
L A. HISSION
y>: The mission of the fire support system is to suppress,
ﬁﬁ neutralize, delay and destroy surface targets with indirect
'. fires and aircraft using guns, mortars, cananons, rockets, )
i#ﬁ bombs and missiles [ Ref. 5:p. 1-3].
oy
1 :,. B. DIVISION ARTILLERY
A
AR The division artillery is organized and equipped to
ot provide fire support to a division. It consists of a head-
5 . . .
‘3 quarters for command, control and fire support coordination,
Nl three direct support artillery battalions and normally has
'ﬁ one general support artillery battalion (see Fig 2.1).
bi
[y o
5
3
b4
b’ % ecce=m———
B { DIVARTY | .
1Y
o
o2 |
3 . | i
. ————e—e——- | eeewee.- 0000 mececcee-
| TAB | | DS BN | | GS BN |
. I i
5 _—
% g p—
o NOTE: GS battalion may be anowitzer, MLRS,
ﬁ; or a composite
=
.
A )
=
9 Pigure 2.1 AIM Division Artillery
b
S9N
e Y
o™ The division artillery headquarters establishes Fire -i
j?t Support Elements (FSE) at toth ¢the division main and
M
'2- tactical operations centers. These FSE's are responsible for
B
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of all fire
Additionally,
nuclear and chemical target

integrating and coordinating the eaployment
support assets in the division area. these
elements perform analysis and

fire planning.

C. ORGANIZATION OF FIBLD ARTILLERY UNITS

Field artillery battalions are organized based oa the
type weapon and the mission of the unit. The @main cannon
systeams and their employment are shown in Table 1 . The
Multirple Launch Rocket System is a general support systea in
both divisional units and the Corps Artillery.

has nine launchers

Each battery
which are organized into three platoons
but are employed individually.

TABLE 1
FIELD ARTILLERY CANNON UNITS

IXYPE HEAPON CALIBER HOWITZERS HMISSION
M2 105mn 6 DS
M198 155mn TE 6,8 DS/GS
M109A2/A3 155mn {5P) 8 D3/GS
M110A2 203nm 6 GS
MIRS 203mnm 9 GS

D. DIRECT SUPPORT BATITALION

The direct support (DS) battalions provide rfire support
to a committed maneuver element, normally brigade sized. It
consists of a headquarters battery and
batteries ( see Figqure 2.2 ).

command,

three firing

The headquarters
control and fire suppor* coordination. Eaca
maneuver battalion and the brigade are
support element (FSE) to
their sector,

Frovides

furnished a fire
coordinate the fire support 1in
and each company receives a fire support tean
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:i to plan, integrate and request fire support in the coapany
:bl zone of responsibility.
b
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; Figure 2.2 Direct Support Battalion
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L

%

o E. GENERAL SUPPORT BATTALION

ey The general support (GS) battalion provides fire support

for the division and 1s responsive to reguests for fire

‘-

primarily from the division artillery. It consists of a

are

.
&

headquarters for command and control, and either three

éi firing batteries, or a Multiple Launch Rocket Systemn battery
‘2 and two firing patteries (see Pigure 2.3).

i

e F. TACFIRE

_f_s 1. General

N TACFIRE is a completely automated system for fire
ﬁ: control encompassing all levels from cCorps to firing

16
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Figure 2.3 General Support Battalion

battery. Artillery wunits from Corps to battalion possess
netvorked central comfputer systems with independent data-

bases. Fire support elements have input/output devices which
can access all levels of central computers. Additionally,
all central computers capn access each other and provide
limited backup capability should another of the system's
computers become nonoperational [Ref. 6: p. 1-1].

TACFIRE is currently deployed down to bLattery level
in all active Army units except the 7th,24th and 25th
Divisions. Full fielding of these divisions will be accon-
plished by the end of FY 86. The software upgrade is contin-
uous with version 7 currently fielded.

2. TIACFIRE Software

Each level of TACFIRE possesses distinct modules

with independent databases which are accessed by the other

17
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1,@ modules in the system. The modules employed in a Division
L ;

; ﬁ Artillery are shown in Figure 2.4.

Cﬁ'

I'.s 0

%z Divarty Battalion

‘e Sugport ] . X X

'Sty Artillery Fire Unit X X

Qo Tactical Fire Comntrol X X

@k* Nonnuclear Fire Control. X

e | Artillery Target Intelligence X -
' Pire Support Element X

Figure 2.4 Division Artillery TACFIRE Modules

N 3. JIACFIRE Modules

<$ﬁ a. Support (SPRT)
‘“i ' The Support module is primarily reéponsible for
tﬁb maintaining battlefield geometry and Fhe associated fire
1$3 support coordination measures which the geometry affects. It
; : is programmed with unit zones of responsibility and <£fire
o support measures such as the FLOT, coordinated fire lines, ﬁ
g} restrictive fire lines and areas, fire support coordination
:J: lines and chemical hazard areas. Any request for fire which
.ﬁa violates any fire support coordination measure is automati-
*3 cally flagged for review.

'é{ b. Artillery Fire Unit (AFU)

'Ek The AFU module stores, maintains, retrieves and
i transmits data on all available fire units. Data is wain-
:? tained, by unit, for field artillery, tactical air support
.éj and naval gunfire with weapon, mission, zore of responsi-
ﬂ; bility, ammunition status, current firing status and ammuni-
fhf tion supply rate associated with each unit. The AFU
'!; automatically generates warnings if weapon capability or
;2{ ammunition criteria is violated, and has the capability to
;;: transpit situation reports on all data stored, by urit.

%
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Cc. Tactical and Technical Pire Control (TTFC)

The TTFC has the <capability to automate all
aspects of fire control. The program automatically analyzes
each target for method of engagement in accordance with
input coamander criteria and the Joint Munitions
Effectiveness Manual to determine the optimum method of
attack for the target. It then accesses the AFU to determine

Jﬁé which units are capable of engaging the target and selects,
'4qi in a specific sequence established by the commander, the
;Eﬁ best unit(s) to fire based on unit availability. The TTFC
i then accesses the SPRT module to determine if fire support
:ﬂ&, coordination is required and, if so, alerts the appropriate
nﬁ§ Fire Support Element (FSE). After coordination, the TIFC
»%ﬁ generates a fire order to the selected fire units.

2;; d. Artillery Target Intelligence (ATI)

... The ATI module automates many of the functioas
%5? of the Division Targeting Cell. The program stores up to
iéf 1364 different targets. It analyzes each incoaing target

and, based on commander input, develcps fire wmissions,
alerts the unit to enemy buildups in specific 1locatioas,

("> "

3&%} aggregates targets, and resolves duplication with existing
ifﬁi intelligence. It performs counterfire targeting by corre-
R lating shell reports based on caliber and direction and
:yé generates fire missions when established thresholds are
‘§§K exceeded.

;Qﬁg e. Nonnuclear Fire Plan (NNFP)

:g' The NNFP, as currently fielded, is not opera-
‘iﬁ tional due to the complexity of automating the decision
Sl processes involved in preparing schedules of fire.It is
5%% intended to automate the process to develop, coordinate, and
o - disseminate schedules of fire. The prograam is supposed to
’?;E generate a target list based on input criteria by accessing
{ﬁﬁ: the ATI, then accessing the TIFC to determine the method cf
'ng attack. The program should then determine the units to fire
e
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by accessing the AFU, and the fire support coordinatior
requirements by accessing the SPRT. After coordination, the
program logic is supposed to develop and transmit a schedule
of fire to all agencies affected by the schedule.

f. Fire Support Element (FSE)

The FSE module automates many of the functions
of the Division Fire Support Element. It performs conven-
tional, nuclear and chemical target analysis, Erepares
nuclear fire plans and gives fallout predictions. The
program accesses every Division Artillery module in the
process.

4. Problems

The most significant problem that exists for
modeling the TACFIRE system is the lack of programming logic
for determining target priority. The system uses a three-
tiered method of filing targets and a first-in, first-out
gqueue for their processing. This c¢reates a significant
problem for modeling the Fire Direction Officer's determina-
tion of target priority, not only in the logic, but in
establishing an audit trail for the prescriptive model.

G. FIRE MISSION PROCESSING

Fire missions amay be originated by any element on the
battlefield and will be processed ia a standard wmanner.
Assume a platoon forward observer (FO) identirfies a target
that he desires to engage. .e relays the target location,
description and recommended method of engagement to the
company fire support team (FIST) chief who resolves duplica-
tion with existing requests for fire, determines the fire
support agency that can engage the target most efficiently,
and forwards the reguest to that agency. Calls for fire are
transmitted to the direct support artillery battalion using
the digital message device and are monitored by the
battalion fire support officer (FSO). The FSO reviews the
request, determines if engagement of the target will affect

20
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any other element in the battalion and,if so, coordinates
the fire mission with that element. If the effects of the
mission will be detrimental to the other element's wmission,
the FSO cancels the mission and inforams the FIST chief of
his decision. additionally, the FSO deteraines if the
mission can be more effectively engaged by the maneuver
battalion's organic mortars, attack helicopters, or close
air support and, if so, routes the request for fire to the
selected element. This coordination is conducted simultane-
ously with the artillery battalion's processing of the
mission and should not cause a delay in target engageaent
unless the safety of friendly troops becomes a factor
[Ref. 5:p. k=-47].

At the direct support battalion, the mission is received
by the TACFIRE which plots the target and determines if it
is a duplicate of an existing mission. If it is not, the
target is assigned a priority based on the commander's
guidance and gqueued for processing. When processed, the
TACFIRE determines the type and amount of ammunition aand the
units required to engage the target, then computes firing
data for those units. After review by the battalion tire
direction officer, the mission is transmitted to the battery
compuater system (BCS) at the appropriate firing battery
FDC's. This entire process is done automatically by the
TACFIRE; however, any process can be overridden manually.
Because of the simplistic logic to determine target
priority, significant input from the battalion fire direc-
tion officer is required to determine a realistic target
engagerent priority.

The firing data is received at the battery FDC and
queued behind existing higher priority missions. The data is
sent, in turn, to the howitzer sections who prepare to fire

the mission based on the amamunition type and fuze, the
propelling charge, deflection (direction) and gquadrant
21
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elevation. Unless otherwise specified, each howitzer section
chief engages the target when his section is prepared to

fire.
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III. PROPOSED FIELD ARTILLERY MODEL

A. SCOPE OF THE HNODEL

The proposed model addresses all aspects of a field
artillery battalion except for <the nuclear and chemical
target planning processes. It is based on a TACFIRE equipped
unit and can be modeled with any current weapon system in
any configuration. The artillery battalion can be assigned
any mission by establishing its entities and priority of
fire. When representing the mission of direct support, the
supported maneuver force can be modeled as any size but will
be addressed ipn this thesis as a brigade.

The model comnsists of database, planning and execution
components. The database compcnent consists of routines and
counters designed to track various entities and their attri-
butes which are explained in Chapter 6. The planning compo-
nent consists of routines to plan for future activities by
evaluating and selecting future positions and routes between
positions and by preparing non-nuclear target schedules. The
executicn component consists of routines which are respon-
sible fcr conducting the current battle. The plananing and
executicn components are designed to operate concurrently
and require significant interfaces to operate properly.

B. MBETHODOLOGY

The field artillery module depicts the hierarchical
organization of the field artillery battalion to include its
relationship to the division artillery headquarters and to
the supported units rfrom brigade level through company. It
consists of routines which model the major activities the
field artillery battalion must accoaplish. These routines
contain several small subroutines, each of which perforas a

single function, and contains logic and programs which allow

23
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\: the system to plan and execute fire support while inter- |
;i{ acting with the supported maneuver forces at all levels.
N This modularity allows the establishment of an audit trail
a4 and facilitates any future changes which may be required.
:ﬁk Additionally, normal operaticns and specified thresanolds
qu cause the module to link to the communications, 1logistics,
%[? movement and transportation modules. vVariable resolution -
-?: architecture has beer designed to facilitate aggregation up
w{? to tkhe firing battery level or disaggregation to the indi-
izzi vidual sectiorn level.
L The methodology used in creating the fieid artillery
AL module is a combination of the use of TACFIRE logic and tkte
gi creation of doctrine- based, dynamic logic represented in
ig functional forn. TACPIRE modeling is based on logic flows
e from the technical manual [Ref. 7], and actual program code.
o Logic flows and strings have been simplified and technical
“5 fire direction has been eliminated. The logic used to deter-
fﬁf mine asset assignment to targets and target engagement
DOV priority has been augmented by decision submodules to repre-
o sent the functions of a maneuver battalion fire support
:gﬁ officer and the artillery battalion fire direction officer.
i:% Target engagement priority at the battalion fire direc-
fA‘ tion center is determined by a target value weighting scheme
:if as explained in Chapter 4. A target is assigned a numerical
i} value Dpased upon theA estatlishment of a generalized
‘?j weighting scheme as discussed in reference 2 .This value is
:E based on the target's capabilities and location relative to
f&i the supported unit's area of interest and its queue
:§ category. Queues have been established to represent the five
;;i major categories of fire support missions (countermakheuver,
i; counteracquisition, counterfire, command control and coamma-
0 nications, suppression of enemy air defemse) and a: adjust-
Tﬁ ment factor based on a normal distribution factor is applied
%E to the target value based wupon current firing priorities to
)
X
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produce an adjusted target value. This adjusted value is
then processed based on the type mission (immediate, planned
or unglanned).

Field artillery doctrine has been used as the basis for
the development of the command and control decision making
processes used in the module. These decision processes are
represented as equations intended to portray the factors and
tradeofis involved in a decision and are updated to reilect
current status based on previous operations (see Chapter 4,
Ref. 4 ). Fire support team and fire support officer func-
tions have been modeled in an attempt tu portray the full
capabilities of tnese elements and to allow an audit trail
to be estabiished. The forward observer is capable of making
conplex decisions to include the ability to adjust any type
mission and to control the time of opening fire as an 'at ny
command' or a ‘time on target' mission. The fire support
officer allocates indirect fire assets, pertforms fire
sapport coordination and serves as the @maneuver uanit's
conduit to the intelligence aggregated in the TACFIRE
systen.

Tabular data requirements have been analyzed and, where
possikle, are represented as a functional form which closely
approximates the data. This should significantly decrease
the ccmputational time required by the model. An explantion
of the methodology used to create the functional forms is in
Chapter 6.

C. FACTORS CONSIDERED IN THE MODEL
1. Personnel

Howitzer crews and both battalion and battery fire
direction center crews are modeled by section. A minimum
operating level is established, below which the section is
ineffective. Other personnel are aggregated at the battery
level. Fire support sections are explicitly modeled with
the exception that platoon forward observers are aggregated
with the platoon leader for the purposes of attrition.
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2. Intelligence

The Division Artillery Target Intelligence computer
is mwmodeled to allow for automatic generation of targets
based on commander input parameters. It receives input froa,
and allows access to, all field artillery agencies in the
model except for the Fire Support Team. This capability is
not fully utilized in the model but aas been designed to :
provide the database and outputs necessary for the future
creation of nuclear and chemical target planning modules.

3. Operations
da. Tactics
Batteries can be employed as either a complete

unit or by platoon which are treated as separate entities.
Movement is by entity based on an immediate action status
dictated by battalion. Battalion controls all movement of
the units based on fire support requirements and the antici-
pated threat through either the immediate action status or a
movement order.

b Fire direction

Fire missicns are processed through two submo-

dules. First, the mission goes through TACFIRE based logic
to determine the method of attack then through a decision
matrix submodule to determine its priority. The model is
designed to use TACFIRE variables to facilitate the use of
existing operation plans as model data input. Fire mission

processing, reporting, module interfaces and iaformation

exchange 1is automatic and uses the program logic flow of the
TACFIRE systen.

...._.A". > B

e
h %)

ules of fire and report changes to the direct support

Ly
[

B c. Fire support coordination

;i? Fire supgort coordination requirements are

@ modeled after the TACFIRE system's capabilities and are

Qiﬁ resolved by the appropriate agency. Additionally, fire )
Eiﬁ support officers provide situation reports, request sched-
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battalion. Fire support officers have access to the Division
Artillery Target Intelligence unit to generate data for the
supported unit.
4. Fire Support Teays and Iarget Acgquisition Sepsors

Fire support teams are modeled down to platoon
forward observer level.Fire support team (FIST) chiefs will
perform fire support coordination within their company
sector. Additionally, the capabilities of various target
acquisition sensors may be represented by modifying the
attributes of the FIST. This allows the modeling of all
current and projected acquisition assets such as radar aand
elevated target acquisition sensors (ETAS).

5. Llogistics

Limited logistics are incorporated in the model with
only ammunition and operational availability of key equip-
ment represeated. Data can be maintained at varying levels
from individual vehicle to firing battery in the Artillery
Firing Unit submodule which can be accessed from the
battalion level.

Ammunition will be based on the unit's basic load
vehicle configuration with either a controlled or available

supply rate (ASR/CSR) assigned. While resupply is not incor-
porated into the model, the wmodule does produce ammunitior
and fuel requirements which can be used to interface with
tue lcgistics module. Until this is created, a percentage of
‘the ASR/CSR should be credited periodically to the unit
based on user input. At the highest ievel of resolution,
rounds expended during firing are charged to the ammunition
carrier which is resupplied from the battery amrunition
section during movement. In accordance with field artillery
doctrine, the ammunition on the howitzer is the last to be
fired. Loss of any vehicle is also a loss of the ammunition
on board.
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6. ggintena_gg
Operational readiness of all major equipment is not
explicitly modeled however, equipment status can be repre-
» sented by distribution functions using the mean time between
K failures (MTIBF). The methodology for this representation is
g currently under developmeant by Captain Olsen 1in a thesis
which should be published in March, 1986.

All of the factors explained above are designed in a

PR R )

hierarchical structure. This structure allows the artillery
to be modeled as any type unit from individual howitzer
sections to firing batteries by establishing the attributes
b of the units to be employed and disconnecting the submodules
not required for the selected level of resolution.

D. DECISICGN LOGIC
An analysis of the representation of command and control
processés in current combat simulations reveals that they do

J not provide the detail required to form the basis for a
2l prescriptive model. The processes are represented by either

simplistic decision tables or are user input. Decision
- tables simply react to an established threshold without

analyzing the factors involved in the decision process and
are relatively static for the duration of the simulation.
User input makes a predetermined decision. Neither of these
methods provides qualitative or guantitative data on the
individual factors and tradeoffs involved in any single
decision process, much less provides for an analysis of the
synergistic effects of these factors.

In an attempt to solve this shortcoming, the representa-
tion of command and control processes in the field artillery
/ module has been designed to make tactical decisions while
providing the facts required to develop the database neces-

sary for the simulatiocn of wmore complex tactical decisions.
The methodology employed is three-phased:

28
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(1) Based on doctripe, individual tactical
decisions have beer identiiied, together
with the factors involved ian each decision
and the tradeoffs considered in reaching
the decision.

(2) The factors and tradeoffs contained in each
decision were expanded to create a .
detailed, qualitative description of each
decision process.

(3) A guantitagive analysis of each descriptor
and tradeoif was developed that represented
its nature. This curve was then agproxlmated

a known distribution. The functional
representation of the decision process was
then applied to the module.

The specific logic for each submodule is contained in
the appropriate chapter for that aodule. Because of the-
lack of an established database from which to draw, many of
the factors are based on intuition and assumptions which
must be validated during the running of the model. ror
instances where the methodology appeared gquestionmabnle,
computer simulations were created using the algorithms.

These simulations are contained in the appendices.
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V. TABGET SELECTION

A. GEWNEBAL
This chapter describes the modeling of the target seiec-
tion process, from the time that a target is acquired or
geprerated, until the target is forwarded to the appropriate
element for engagement. The actual logic for the routines is
contained in Appendix E. Mdodeling considerations are applied
to targets im two brcad categories. .
1. Observed Fire Targets

These are targets, normally acquired by physical or
electronic observation, on which the engagement of the
target will be observed by that pkysical or electronic
element.

2. "Unobserved Eire Targets

These are targets, normally aggregated or deduced
from intelliigence data, on which the engagement of the
target will not be observed.

The logic flow for the routines described in this

chapter is shown in Figure 5.1 .

B. OBSERVED FIRE TARGETS
1. Observer Decision Logic
a. General

This secticn describes tke selection logic for
observed fire targets. This logic, which is modeled in two
stagjes, applies only to the Field Artillery module. First,
the observer must select targets froa his detected 1list
which he desires to be engaged and forward these targets to i
the Fire Support Officer (FSO). The FSO must then determine J
the asset which can most effectively engage the target and ‘

-J?;fil

R AP
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forward the request for fire to that element.
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from Routine
FO DETECT

FSO ALLOCATE

Determine best asset to
*ngage the target

FO.GENERATE Output the appropriate

agency

if target is final protective
fire or wneediate suporess-
1on, output to TTFC.

Determine relative priority
’—W and mout ta queue

Close awr 7atk helo
SR ROUTINE

if capabdle, pop queue.
If not capatle, end.

Determmne 1f target is:

¥ Moving or statwnary

b Planned or opportumty

¢ Fire for effect or adjust
fire

Output to FSO.ALLOCATE To

Routine
TTFC FIREMISSION
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(A

T
-

5

v
N

—

Figure 5.1 Target Selection Routines Logic Flow
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ﬁf E. FO Engagement of a Given Target
&ﬁ: This logic determines the priority of engagement
el for targets which the forward observer has detected. The
! program determines whether the target is expected to be
3E¥ witnin direct fire range when the engagement by the field
;2§ artillery should occur. If so, the program accounts for
?ﬁf direct fire priorities in computing the target value. For
-

targets outside direct fire range, the program discounts
their value based on their lccation relative to the maneuver

company's area of influence.

(1) Algorithnm.

;\?,., For direct fire ramge:
-Z:_l’ TGTIVALUE = TVA - ENGTVA of manauver assets
AV
R For indirect fire range:
-"2: TGTVALUE = TVA * DISCOUNT FACTOR where
g: DISCOUNT FACTCR = exp<-disc*RG>
‘g

TGIVALUE = the value to the FO of engaging the
target

TVA = the generalized value of the target

DISC = the unit discount factor cf the target
based on its range (RG) from the maneuver
unit as explained in Ref. 2

(2) [Factors. ENGIVA of maneuver units -The
user must establish the priority of assets to be employed on
eaca target type and the total expected TVA that an asset
can engage in a given time period ( see Table 2 ). The
target type for an array is the type target with tae liargest
aggregated value in the array.

This table is normally established by the
user in conjunction with the maneuver module and, at the
hignest level of resolution, contains data by individual
weapon system. For each type target, the user establishes
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N the ©fpriority of engagement of the target by ranking his
R& assets 1-n. The maximum sinultaneous engagement capability

of each 1individual asset is then established. At lower
levelis of resolution, the dJdata would reflect the asset-
target priorities and engagement capabilities of the
smallest maneuver unit represented in the model.

Based on the current activities of the
maneuver elements, the FO can determine what portion orf the
target is expected to be engaged by direct fire assets and
discounts the target value. An example of this methodology
is shown in Pigure 5.2 . This figure demonstrates that, for
the given type target (armor), the priority of engagement
is:

T0W - Tank - APC - Dragon - Y60

and the engagement capability of the assets are:
TOW "3%50 = 150

Tank 10100 = 1000

APC 10%50 = 500

Dragon 6#*30 = 180

M60 10%10 = 60

Given their current status, the target value is adjusted as
shown in the figure.

Discount factor -The user must establish
the discount factor (disc) based on the target's location

relative to the supported unit's area of influence. The
value of targets outside of direct fire range are discounted
by this factor as described in Ref 2 .

Lol g}

The FO must have a table to track the

afxt sl

a’

activities of the maneuver elements as shown in Table 3 . A
similar table is normally established in conjunction with
the @paneuver module in order to determine the status of
direct fire systeas. Targets with an assigned value are
stored in the FO queue arnd, when capable, the FO processes
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them in accordance with their value to the FSO for

engagement.

TH Y Y vy e

TABLE 2
PO TARGET-ASSET PRIORITY

TA RGET i ASSET PRIORITY/EEGTVA (2)

_IYPE (1) { TENR"T7T EPC T IOW T d60 [ DRAGON [~
|
|
|

ASSY AREA |

BUILDING | I | | | |

ER IDGE i i { | | i

- —— — — — —— — ——— — - - - - —— - - - -

CENTER | i i | | |

- - - . — - —— — — —— —— e — - —— - - - -

FERSONNEL |
SUPPLY |

|
|

TERRAIN | l | i i |
|

ENGAGETVA |

- — . - D —— T — - — — — — - ———

NCIES:
(1) The target type designated for an array is the

type target with the largest aggreqgated combat

ower
(2) Ehe assets are ranked in priority 1-n for each
target type )

(3) See figulfe 5.2 for an explanation of the use

of this data.

-
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o TABLE 3
HA NEUVER ELEMENT STATUS

o - am— - — - D D - D - > — - D ——— -

i ASSET STATUS

TYPE { _NUEEYS-TTTTENCIGTVXTZTT‘TVICUE]IETBT’:
{
|

. — ——— ——— —— —— ——— — — — —— — -—— - - — — A — — —— e —— ———— -

IO« | | }

*k * i | |

NUMSYS is the number of a particular type system
currently available in the gosxtlon

(2) ENGAGIVA is the amount of TVA that each type
s;stem can.engage .
TVACOMMIT is thé total amount of TVA which the
type system 1is currently engaging

{4) See figure 5.2 for an explanation of the use

of this data.

2. [Fire Support Team Submcdule
a. Geaeral
This submodule 1is responsible for generating
targets to include identification, location and aethod of
engagement, to be prosecuted by a variety of fire support
assets. The submodule can represent a wide variety of

forward observer attributes ranging from a human platoon
forwvard observer (FO) to a target acquisition radar, and is
capable of simulating the conduct of engagements by the FO,
a remotely piloted vehicle (RPV), aerial-platformed
observer, or weapons-locating radar system. Additionally,
capabilities of the forward observer element possessing
special attributes or specialized equipment, both currently
available or projected, can Le represented.
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Given a target array in which the_largest aggregated
t¥pe target 1s an armor system with total array value
of 500. User established priorities are givenm as:

| TARK T EPC T TOW | B60 [ DRAGON |
ADA | 3 v 2 1 5 | 4
ARMOR | 2 I 3 t+ 1 1 5 | 4 |

AS SET i ASSET STATUS
TYPE ) NONSYS [ ERGAGETVA | TVACOWNIT -
TANKS ’ 10 I 100 i (3%8)
“Taec 4 a0 1 so 4 se0
SN B S SN WU 41 N
M60 | 10 | 10 i 100
S SRS N N 1.1} B
CBAGON [ 6 | 30 y| 180
_________ ) 1 asy
TOW 3 50 125
| i | (163

- —— - — — ———— " — ——— — — — c———

The computation would be performed as follows:

Asset  IVA Remaining Adjusted larget Value
TCW 3%50 - 125 = 25 500-25=475
Tank 10%100 ~ 500 = 500 475-500= =25

Since the target value is less than zero,
would not be engaged by indirect fire
Ak dok kR kR ok ok ok koo ke g ko ko ek ook ok o ok ok deokokok ok ok kokakok X

the target

If the asset status was as shown in parentheses, the

computations would be:

Asset  IVA Remaining Adjusted Target Value
TCW 3%50 - 100 = 50 500-50=450
Tank 10*130 ~ 850 = 150 475-159=_325
AEC 10*%50 - 500 = 0 325-0=325
Dragon 6*30 - 180 = 0 325-0=325
10%10 - 60 = 40 325-25=300
The target would be filed in the FO gueue with an
adjusted value of 300.

pu——

LTS LY

Figure 5.2 Computations of PO Target Selection
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The submodule also performs fire support coordi-
nation for targets within its company zone of responsibility
which have been generated by another element.

b. Database

The submodule requires a table to establish the
attributes of the type observer to be represented. Because
the representation of the attributes is dependert on the
acquisition wmethodology, this table is not included but
should contain the representation of:

(1) EQ ranmge.

(2) JVisibjlity footprint.

(3) Visibility degradation factors.

(4) Simultaneous acquisitjon capabilities.

c. User Input

The user must input the capabilities of the FO
system to be represented and the characteristics of the
artillery systems to be employed. A 1list of the input data
is shewn in Table 17 ,Appendix E.

d. Internal Inputs and Accesses

The primary input to this submodule comes from
the scheduler which activates the target acquisition logic.
After processing acquisitions, the submodule outputs the
target data to the FSO subwodule. A list of wvariable

exchanges is shown in Table 4 .
e. routines

koutine FO.DETECT is activated each time period
by the scheduler. The logic for this routine has not been
developed due to a lack of definitive guidance on the nature
of the operational model. The routine should be designed to
acquire targets and pass contrcl to Routine FC.GENERATE.

koutine FC.GENERATE evaluates targets and deter-

mines the method of engagement. 1t receives target acquisi-
tions from Routine FO.DETECT and, for final protective fires

and immediate suppression missions, passes control to
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;J% TABLE 4

e FO VARIABLE EXCHANGE

LY
K
o
L\~
R Routine Call By Call to Variable

e ) -
o FO. DETECT SCHEDULER |Activates
kv the logic
* n L ‘
ot

P FO. GENERATE| FO.DETECT TGTMSNNO.

) . and data

JRSA TTFC. TGTMSNNO.CTL=
) FIREMISSION FPF
'.:CJ [

o {PSO.ALLOCATE | TGTMSNNO.

FC. FIRE BTRYSHOOT TGTMSNNO .EFF=

o, MISSION SHOT
oy TGTMSNNO.CTL=
; >, AHC
Ny BTRY READY

U 1 flag

AL BTRYFIRE TGTMSNNOQ.=
S nnnnCORR,

A nonnFFE

; "-4-._\

SN

o BTRYSHOOT |TGTMSNNO.CTL=
: FIRE
| -.'.- ——— ——
o FO.END TGTMSNNO.CTL=
e EOM
\'_. _ .
b FC. END | Fo. FIREMISS TON TGTMSNNO .CTL=
WA ECA
i

A

el 3TRYFIRE TGTMSNNO.CTL=
N EOM
B2s ,

Wk
-5 FC. COOED Iuvn CDR MODULE FO. nSTATUS

©®1

o

N

N

-.".\ J
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Routine ITFC.FIREMISSION. Other missions are processed to
Subroutine FO. GENERATE.PRIORITY which determines the
priority of engagemeant for targets outside direct fire range
and then places them in the FO queue. Targets inside direct
fire range are passed to Subroutine FO.GENERATE.DFPRI to
determine their priority, and are then filed. When

¥
>

processed from the queue, control is passed to Subroutine
FO.GENERATE.START. This subroutine uses target permanence
and possible target location error to determine the metaod
of control. Fire for effect wmissiouns are output to Routine
FSO.ALLCCATE, and adjust missions are output to Subroutine
FO. GENERATE.ADJ. Subroutine FO.GENERATE.ADJ determines
whether the target should be engaged as a fire for effect
"at my command" missiomn, or as an adjust fire mission taen
transfers control to Routine FSO.ALLOCATE.

Rout ine FO.FIREMISSION processes ongoing
missions from the first round fired until the mission is
ended. It receives input from Routine BTRYSHOOT indicating
that a round has been fired. Based on the method of control
of the &ission, control is passed to Subroutine
FO.FIEEMISSION.EFF, FO.FIREMISSION.AMC or
FO.FIREMISSION.ADJ. Subroutine FO.FIREMISSION.ADJ determines
the correction to an adjustment and, if wvarranted, changes
the method of control to fire for effect. Control is then
passed to Routine BTRYFIRE. Subroutine FO.FIREMISSION.AMC
controls the riring of "at wy command missioas" then passes
control to Subroutine FO.FIREMISSION.EFF which evaluates the
effects of firing and passes control to Routine FO.END.

koutine FO. END processes completed fire
missions. It receives input fron either Routine
ITFC.FIREMISSION or Routine FO.FIREMISSION indicating that a
mission has bLeen completed. The routine updates the FO data,
outputs the mission data to Routine BTRYFIRE, then either
passes control to Routine FO.GENERATE to begin processing

another mission from the gueue or terminates.
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Routine FC.COORD performs fire support coordina-
tion in the FO's zone of responsibilty. The routine receives
input from Routine TTFC. FIREMISSION indicating the require-
ment to fire a mission 1in the company zone that has been
initiated by another element. The routine insures that the
target exists and that firing will not adversely effect the
supported company, ther ocutputs the coordination status to
fRoutine BTRYSHOOT.

3. FSO Asset Allocation to a Given Target

a. Gemeral
This logic is designed to simulate the decision
of which asset should be selected to engage a given target
with minimum expenditure of friendly assets at this instant
of the battle. The asserts norwmally considered include mortar
(atr), field artillery (Fa), attack helicopters (AH) and
close air support (CAS).
'b. Algorithm
E(GAIN) = (TVATGT*PKTIGT)- (IVAASSET*PLOSS.ASSET)
U(X) = E(GAIN)*Pr (AVAILABLE) where:

EGAIN is the expected gain of employing
the asset

TVATGT is the target's value

PKTGT 1s the probability that the asset
can kill the target

IVAASSET is the value of the asset

PLOSS.ASSET is the probability that the
asset will be lost as a result of
engaging the target

U(X) is the utility of employing the asset
against the target

Er (AVAILABLE) is the probability that the

L AP LA

}: asset can engage the target prior to
o the target reaching its full combpat
e potential
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c. Factors
(1) Time Criticality of Engagement.

Certain aissions such as inmediate suppression and
suppression of enemy air defenses are so time critical tinat
the expected response time, E(Tr), is the only factor to
consider. Becuase of this, these type missions bypass tiae
logic and are forwarded (irectly to the artillery.

(2) Iype and Size of Target vs. User Input.

The user may, for operatioral reasons or a specific study,
specify either certain assets against a specific target type
or the level of one of the factors that must be met in asset
selection. 1In either instance, this guidance becomes the
overriding factor.

(3) Expected Gain, E(gaip), from Engagement.

This factor assumes that ail elements included in the
simulation have a relative valuve for both current and future
time. The E(GAIN) 1is computed to determine the value of
applying the asset to tmne target and, if less than zero, the
algorithm must account for the risk status of the commander.

(4) Probability of Loss of an Asset. This

factor is based on the primary threat to the asset. The
Pr(loss) for nmortar and field artillery is the perceived
Pr (detect by counterfire radar|a volley 1is fired) and the
Pr(loss) for attack helicopter ard close air support is the
Pr(kill by the most effective ADA asset in the target area).

(5) Probability of kill of an asset against tihe

target type. This factor 1s determined from the Jata

provided by the Army Material Systems Analysis Activity
(AMSAA) .

(6) Availapiiity of the Asset. This perceived

factor is the ability of the asset to engage the target
before the target reaches 1ts full combat potential. It is
based on the performance of the system in the battle to

date, given 1its current status, and is expressed as the
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percentage of travel time of the target to the FLOT until

engaged. The compu tation of this factor may require some
modification upon the completion of the thesis on
determination of target value by Cpt Kilmer which should be
published in March, 1986. The initial value of this factor
is user input and, after utilizing the given asset, is based
on the average response time for the asset during the battle -
and its present status. For example, CAS has two E(Ir)'s
depending on whether aircraft are on station or must be
scrambled, and the routine maintains flags to indicate the
status of the elements. The E(TR) for field artillery and
mortars are their average mission times.

E(TR) = E(TGT TIME IO FLOT) /AVE RESPONSE
TIME OF THE ASSET
IF E(TR)>1, E(TR) = 1

The data for these factors can be aain-
tained as a single table which is updated after each move
(see Table 5). This allows the decision logic to be periodi-
cally maintained and, therefore, decisions are made based on
the actual performance of the assets and current

intelligence.

d. Test of the Methodology
A% In order to test the methodology in Foutine
FSC.ALLCCATE, a computer simulation wvwas conducted which is
at Appendix H. Arbitrary target values were assigned to five
targets arnd four assets. Using data for four different

b Soviet ADA systems derived from unclassirfied sources (waich
by sere verified as reasonable against classified data), the
B

O simulation was conducted for eaca target defended by each
§: ADA weapon, at three different speeds for ranges 5, 10 and
: 20 kilometers.The simulation performed in a reasoanable
;Tz fashion, making selections for the target/asset pair and the
. defense of the target which, based on experience, appear
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TABLE 5
FSO ASSET DATA
Eénnsmnsz TIME) i ’ E (LOSS)
ASSET 0 NOT ON Pk EQN EQN
STATION| STATICN ] i
Averagel Average i p | P(Loss of
ATIK diver l scramble I H l system{ADA
HELO time time g defenses)
Aqerageq Avecage { I | P(Loss of
CAsS d%yer I fgram le l g ’ 3y?tem ]?DA
ime ime efenses
Average | E | P(Detect |
| MORTAE mt$51on ! % l one volley)
ime
- - — - -_---.—.—_-_--A------- — e P S - ———
| Average [ T { P(Detect|
FIELD | mission | I | one volley)
ARIILLERYI time ' 8 ‘
o4

logical (see Table 6 ). The most efrective, and generaily
highest value assets, were selected to attack the highest
value targets until the threat to the asset became prohib-
itive. At this point, a less effective, and therefore lower
value asset was selected.

As a result of the test of the methodology, the
logic appears feasible. It accounts for target amnd asset
value, target defenses, range from the FLOT and asset
responsiveness. As such, the methodology will be incorpo-
rated to Routine FSO.ALLOCATE to determine asset selection
and as a feeder to the target value module algorithn.

4. Fire Support Officer Submodule
a. General
The FSO submodule is responsible for selecting
assets to engage targets in order to provide timely and
effective fire support. It uses input from the FIST and SPRT

submnodules in oraer to determine target engagement resources
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Ly TABLE 6
i ASSEY SELECTION FOR SPECIPIED TARGETS

<\ ™
'ﬁ@ The table below shows the asset selection, in priority
"; given by the simulation. The target is listed along ‘
b, with its value a brief explanation of the asset .
' selected given the target defenses is provided. :
L
e TARGET  VALUE SELECTION GIVEN DEFENSE
R ADASITE 500 At Skm, for a stationary
1595 target-AH,CAS,FA

Lo All others-FaA

. REGTHQ 2000 CAS-0S ,AH-0S,FA

N At 20km, CAS-SCR also selected
A TKPLT 300 5ka, given defenses of

g AB/ZSU:FA

'~ SA7/SA9:AHE-0S,CA5-0S,FA
SN >5km, given defenses of

SA7:AE-0S,CAS-05,FA

45g All others:FA
) .
‘EE BMPPLT 250 FA, except when defended by
oo SAT:AH-0S

e
e INFPLT 50 Skm: MORTAR
Pl >5km: Do Lot engage

ﬁji CAS-0S = close air suppcrt, on station

- CAS-SCR = close air su por%, scrambled
a2 AH-0S = attack helicopter, on station

N AH-SCR = attack helicopter, scrambled
o FA = field artillery
tj. MTR = mortar

i3 L ;
ey

N
2
«-i‘ and availability. Additionally, the submodule accesses the
oy
é i Non-Nuclear Fire Planning {NNPF) submodule to 1initiate a
-
f&: schedule of fires based on user input parameters. The
o submodule is also an interface between the manever commander
S;I and his tire support agency, providing controi and coordina-
é. tion for the artillery assets, and a channel for communica-
By tions flow of situation updates between the maneuver units
jm# and the field artillery units.
)
"
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5
o
o
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:2,‘ b. Database
Eﬁf The FSO maitains a status of possible assets as

shown in Table 5 .
Cc. User Input
The user must input the expected response times
for the assets available to the FSO. These times are used in
the selection of assets only until the asset is used, at
which time the actual response time replaces this factor.
d. Internal Inputs and Accesses
The FSO submodule receives fire requests from
the FO submodule, selects assets, and outputs the data to
the appropriate module (TTFC if field artillery 1is
selected). It also receives data from the field artillery
for the maneuver unit and maneuver information for the
artillery. The variable exchanges are shown in Table 7 .
€. Routines
’ Routine FSO.ALLOCATE receives either data on
targets to be engaged from Routine FO.GENERATE, or update
data from maneuver elements on the status of assets avail-

able for target engagement. For target requests, the routine
computes the expected gain from employing each available
asset against the target, giliven the target defenses, and
selects the highest gain as the optimum asset. The target
data is them output to the appropriate routine for that
asset (Routine TTFC.FIREMISSION for fieid artillery). If an
air asset is selected, control 1is passed to Subroutine
FSO.ALLCCATE.AIR which prepares a SZAD group of targets to

o\

be fired in conjunction with the air attack. For update
A
: data, the routine passes control to Suproutine
oy FSO.ALLOCATE.UPDATE which updates the asset table and
5 L
"y .
®. terminates.

Routine PSO.INTEL is the coanduit for the field
artillery and maneuver unit to pass information. The routine

-

receives target Luildup data from Routine ATI.MFR and passes
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FSO VARIABLE EXCHANGE

WO Routine Call By Call to variable

A F30. 53 XIR
oy AL LOCATE MGDULE IGIY

O.EFF

TMNSN
TMSNNO
STATUS

s SCHEDULER FS0.nSTATUS

. |

o TTFC. TGTMSNNO.
% FIREMISSION
P

3 MTR MODULE |TGTMSNNO.

- S3AIR MODULE|TGTMSNNO.
K- FSO.INTEL | SPRT.TOOKRD TGTHSRNDO.CTT

ros I MVR S3 MODULE NNFP.n§%PE

-
1 2
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control to the maneuver intelligence routine. It aiso

»
¥

C

receives requests for non-nuclear fire plans (NNFP) from the

35
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maneuver operations routine which it passes to Routine

-
-

SPRT.PREF? to initiate the nonnuclear fire pianning process.
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C. UBOBSERVED FIRE TARGETS
1« General

“
- Wy

- \"r"l*l
> Ay

)

This section describes the modeling of the selection
of targets for engagement with unobserved fire. These
targets are not detected but rather are aggregated or
deduced from intelligence data by tne Artillery Target
Intelligence submodule as described in Ref. 4 . Selection of

— o e g e S
| B T .
FARA

FQ the targets is modeled in two categories, nonnuclear fire

;zg plans and targets of opportunity. Targets of opportunity are

o addressed in Chapter 5, Ref. 4 .

‘- 2. Nomnuclear Fire Plan Logic

;“i This logic is designed to develop schedules of fire

e and groups of targets for engagement. The logic <closely

';ﬁ parallels the current artillery doctrine for fire planning

iﬁ as ;hcun below:

o PHASE PRIMARY TARGEIS ISTMSNNO.CAT

_,3.'{', I Hostile FA . CF

2§ 11 Reserves,C2 c2

III Forward eleaments CA,SEAD

o Iv Maneuver elements cH

;g NOTE: The target mission cateqgories are showan in Appendix D

o

:; Tae program divides targets into groups im accor-

;b dance with tha2ir category (TGIMSNNO.CAT) to ievelop blocks
\st of targets. Within each block, targets are scheduled by

rb their permanence codes (TGTMSNNO.IP) with the most perazanent

i? target scheduled first. These codes are explained in

o) Chapter 5, Ref. 4 and are standard TACFIRE variables which

':% indicate the mobility of targets, relative to each other.

fﬁ The targets are scheduled to be engaged by all designated

.;; fire units sinmultaneously. After all targets are scheduled,

::i the program attempts to reschedule targets which are engaged

:*¢ by a single fire unit into an open block of time for that

;QE unit. The program then transmits the appropraite portions of

et 2 )

v
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< the fire plan to the corresponding fire units for engagement
’ﬁf at the designated time.
o, 3. Battalion Noppuclear Fire Plan Submodule

‘}14 a. General

é;: The battalion Ncnnuclear Fire  Plan (NNFP)
ﬁt: prepares schedules of fire in accordance with requests from
T{; a fire support officer. The submodule can develop prepara-
;1$\ tions, counterpreparations, counterfire schedules and groups
3{? of targets. The submodule receives a target 1list which is
i%ﬁ scheduled for firing based on the permanence of the targets
Al and the required time of fire. Groups of targets are sched-
nd uled for simultaneous engagement.

Fis b. Database

’?f There is no separate database reguired for tais
%f* , submodule however, it does use the target permanence codes
r in the TTFC database in preparing the schedule.

iﬁi ‘c. User Inpat

5 The user must specify the limitations on target
Lo permanence and age to be used by the ATI in developing the
‘}E target 1list. Additionally, the user input criteria to the
‘?? TTFC is applied to targets during the fire plap routine. A
:ig list of the input is shown in Table 19 .

'3 d. Internal Input and Accesses

f;: The NNFP receives the target 1list from the TTFC
qﬁ subnodule which initiates the fire planning process. The
4& NNFP then outputs the scheduled fire missions to the Battery
1: Fire submodule. A list of variable exchanges is shown in
o Table 8 .

f& e. Rontines

¢§ Routine NNFP.PREFP prepares fire plans for

engagement by the fire units. It receives a target list from
R Routine TTFC.FIREMISSION which contains the targets to fire,

the fire units to engage each target and the method of fire

I

*i: for the fire units, The routine then determines the sequence
N3
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TABLE 8

NNFP VARIABLE EXCHANGE

Routine

Call By Call to

Variable

NNEP.PREFP

TTIFC.F
MISS

[ )]

O
=td

Target list

TGTMSNNO.

BTRYSHOOTI

ancd time to

fire for each mission and outputs

Routine BTRYSHOOT.
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A. GENERAL

This chapter describes the modeling of the engagement of
targets by the artillery regardless of their ©nature or
source. It explains the battalion tactical fire direction
and the firing battery actions required to model the engage-
ment of targets. Battery techknical fire direction is not
explicitly modeled. The logic flow between the routines
described in this chafpter is shown in Figure 6.1 with the
actual routine logic contained in Appendix F.

Be BATTALION FIRE DIRECTION
1. Battalion Fire Directiom Decision Logic

a. General

_ This logic determines the priority of engagement
for targets in the fire Jirection center (FDC) gqueue. The
logic modifies the value of the targets based on a user
input factor and the current priority of fire dictated by
the maneuver force. The program uses the area under a normal
curve, vwhose mean and standard deviation are specified by
the user, to modify the TVA of the target. The selection of
a normal distribution is not based on any @mathematical
theory tut is used as a surrogate for the current azethod of
designating a target value for each type target given the
current priority of fire.

b. Determination of Target Priority

To cause a target category to be prosecuted, a

normal probability distribution (area under the curve) prob-
ability is applied to the target's inherent value froa its
TVA evaluation. This probability is used as a weigating
factor in order to scale the target's situatiocnal worth.
This worth is established, by category, relative to the
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Non-nuclesr
fiee plan target
hst mpyt from
NNFP PREFP

Target data s
nput from
FO GENERATE

Target datas Target data 1s
pu( 'rom ATl nput from ATI
PR[FP

TTFC FIREMISSION
BTRYFIRE
BTRYSHOOT Forward fnal protective
For final pratective fire or ::;rnw ':l‘.“ suppress
mmediate suppression,
Model tyme required for queue ongowng Mission L] Determmne relative priority
battery sctons and and queve.
schedule firng. Queue mission.
At firing tyme , output When capable, pop queue and SR ATTACK
trayectory and fir process dy type (adyust,
Jeciory "9 fire for eifect) to Routme
mdicators to OPFOR
and schedule /mpact BTRYSHOQT Determme type and amount
’ : of ameunition to fire.
SR £0M
R SR FU
Purge target data and =
decrement counter Select frre umits to engage.
Output end of mission
data to TTFC FIREMISSION
SR AMT
FOFIREMISSION Mode! tume for dattation

fwre direction

I FOQ capable of cdserving

Schedule tr ansmission
impact, evaluate mission

0 appropriate fire
by type if not, go to units or NNFP PREFP
FO ENO
For ADJUST

Determine new location SR EOM
and location confidence FOEND

If hagh, change method
to (ire for effect

Purqge target data and

Decrement FQ mission decrement counter If

For FIRE for EFFECT counter Go to FO GENERATE

capable, pop queve
Determme offects START
d
Output mission data
Forward end of mission to ‘o Ap” ~ER T:a
BIRYFIRE routwe
b ATIMFR

(

Fiqure 6.1 Target Engagement Routines Logic Flow
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supported maneuver unit's operational priorities. The user
input required is shown in Table 9 and includes, for each
category of target, the amount of area under the curve
(specified as a multiple of sigma) to be applied to every
other category of target. For example, should the user
establish a standard normal distribution, N(0,1), target
values would be multiplied as followus:

Nuaker of std dey Adjustment factor
0 0
2 0.68
4 0.95

The target types and their designated categories are shown
in Table 1S and an example of the methodology is contained
in paragraph (3) below.

) (1) Execution. A routine has been developed
to determine a closed form solution for the area under a
normal curve using the polyncmial approximation of Normal
probabilities. This approximation is takern from Ref. 8 .
The weighting factors are the n-standard deviation area
under the normal curve probabilities determined by a
specified normal distribution, where n is a user specified
value, generally an integer value.

(2) Algorithm.

For PRICAT and TGIMSNNG.CAT,
TGTMSNNO.VALUE = TGTMSNNO.TVA * ADJVAL where:

PRICAT = the current priority category of target
TGIMSNNO. CAT
TGTMSNNO.VALUE = the relative value of the target
given the current priority cf fire
TGTMSNNO.TVA = the generalized value of the target
ADJVAL = the approximation of the area under the

the category of the target

normal curve

6u
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-----
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i
b4 TARGET VALUE MODIFICATION
)
s e e e e e e o o e - -
";-:' WHEN AREA UNDER THE CURVE IS COMPUTED BY
b PRICAT IS CURVE | NUMBER OF SIGHA USED
\_\
o { HEAN [SIGHAT CA [ CA"7T CTF 1 SEAD 7 C3™~
" cM i O { 1 } o | 3 | 4 | 1 1 6
O B T T Y S S B
R S-SR N SOV USRLUNS RO SHNIO U S S
2 B T S N S L
o &) I 0 4 1 { 34 471 214 3 | 6
= NOIE: The values contained in the table are for use
2 with the example of the methodology.
. 4
W, v
Yol
R
?*3 (3) Example of Methodology. Given the user
5{# established target value modification for each category as
}) shown in Table 9 aad any current priority category, the
"\i‘ . . . . .
jq; value of the targets will be muitiplied by the appropriate
LN
;ﬁf value of ADJVAL. This value is approximated by the eguations
A~
lf;. shown in Subroutine TTFC.FIREMISSION.TGTPRIORITY which is in
if\ Appendix F.The ADJVAL's computed for the priority scheme
Eﬁi given in (1) above are:
b
=
[
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ADJVAL
PRICAT cy CA CF SEAD c€3
.| 1.00 0.72 0. 95 O0.34 0.51
c3 0.72 0.95 0.68 0.72 1. 00

This would result in the adjusted target
values for the fire direction center as shown below.

Sequence of engagement is shown in parentheses.

VALUE WHEN PRICAT IS
IGT CAT VALUE cH c3
Tank cM 100 100 (5) 73(5)
Radar CA 400 290 (3) 380 (3)
FA CF 500 475 (1) 340 (4)
ZSU 23 SEAD 600 204 (4) 435(2)
REGT HQ C3 1000 408 (2) 1000 (1)

NOTE: The values assigned to the targets are
for deaonstration and do not reflect the

model's target value systen.

The curreat priority category of target is
input to the subroutine by the maneuver command module.
Based on this category,target values are modified by the
normal distriktution factor aad an adjusted target value is
computed. Targets are then filed in the FDC queue and
processed, when the FDC is capable, in accordance with tnis
adjusted target value.

2. Battalion Tactical and Technical Fire Coatrol
Submodule

a. General
The Battalion Tactical and Technical Fire
Control (TTFC) submodule conducts tactical fire direction.
It plots targets, determines coordination requirements,
determines the units to fire, the volume and type ammunition

0b
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to fire, and the method of attack. It also determines the
queue and priority of the target then generates the fire
order to the firing elemeats. The TTIFC receives an end of
aission from the battery firing submodule which it uses to
update its missiop list.
b. Database
The TTFC reguires an Attack Methods Table to
model the TACFIRE munitions selection logic. This table 1is
a derivation of data from the Joint Mumitions Effects Manual
(JMENS) and contains the type and number of rounds to be
fired based on the target tyre, degree of protection and
user input. The table is not iaoncluded because it is howitzer
dependent and is readily available in the database of many
other simulations and in classified TACFIRE publications.
C. User Input
The user can input data to override many of the
parameters stored in the database. These variables are in
the TACFIRE format but are abtreviated to eliminate parame-
ters not used by the model. Additionally, the times to
conduct fire direction and the maximua number of simulta-
neous missions must be input. A 1list of the required input
is shown at Table 22 .
d. 1Internal Input and Accesses
The submodule receives fire missions fromn
various sources and transmits the method of engagement to
the appropriate battery firing submodules. Before transnmis-
sion of a fire order, the TTIFC must receive confirmatiom of
fire surport coordination from either the SPRT or the appro-
priate FSO submodule. During the conduct of the mission, tae
TIFC will receive notification from any £iring unit which is

assigned a mission that it canpnot accomplish.Upon conclusion

of the mission, it receives an end of mission from the AFU,
updates the mission list, computes the new battalion average
mission time and forwards the report to the ATI submodule.
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35%3 During normal operations the 1TTFC may be accessed by the
2:&; Nonnuclear Fire Plan submodule to determine data for sched-
- ules of fire which that submodule is preparing. A list of
z;ﬁ variaktle exchanges is shown in Table 10 .

gt €. Routines

1?? Routine TTFC.FIREMISSION rfeceives its initiail
,“{f input from either Routine ATI.MFR or Routine FSO.ALLOCATE
;\{ for a fire mission, or from Routinme ATI.PREFP for a schedule
Eg; of fire. The routine ensures that the mission is not a
j}j duplicate of an existing mission, then passes control to
- Subroutine TTFC.FIREMISSION.TGTPRI to determine the priority
'ﬁif of the target. Final protective fires (FPF) and immediate
Hﬁi suppression (IS) are output immediately to Routine BTRYFIKE.
ﬁﬁt Other missions are gqueued and processed, in priority,
‘;j according to the battalion's simultaneous mission processing |

. capability.

i}: When the FDC is capable of processing missions,
control is passed to Subroutine TTFC.FIREMISSION.ATTACK to
o determine whether the target should be engaged as an effects
$f or voliey target, and the top two priority munitioms for i
f%?* engagement. It then determines, for the top priority auni-
’ff; tions, the number of rounds of each to be fired. For FASCAM
L){ requests, control is passed to Subroutine
Egi TTFC.FIREMISSION.FASCAM to determine whether the requestor '
fgj has the authority to employ the munitions. If so, ccntrol is
ééi passed to Subroutine TITFC.FIREMISSION.FU and, if not, the
& il missicn is ended. For all other wmunitions, ccatrol 1is
;yj passed to Subroutine TTFC. FIRENISSION.FU which selects
Eﬁi avairlable fire wunits to engage the target based on their
-.E:j' firing status.

@4 After unit selection, the subroutine determines
3$€ the number and type of rounds to be fired by each uanit on
S the target and passes control to Subroutine
5~: ITFC. FIREMISSION.XMIT. This subroutine ensures tnat the
1K
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TABLE 10
TTFC VARIABLE EXCHANGE

Routine

Call By

Call to

Variable

TTECFIRE
MISSION

ATI.MFR

BIRY. SHOOT
or
BTRY. FIRE

ATI.PREFP

FS50.ALLOCATE

“FT.END

BIRY.FIRE

TGTMSNNO.
<CTL=EFFE
=EQOM

TGTHSNRO,
«EFF=NOFIRE
-CTL=ECHM

NNO.”
«-CTL=NNFPn
TGTHSNRO.

.LOC

.TYPE
.SIZE

4 .CTL
.DOP
.FSCOORD
.PRI
.SPEED
-RG

TGTHSNRNO.
« EFF=EOM

TIGTHSNRO
-PRI
«NUMVOL1

NNFP.FREFP

ATI.MFR

TGIMSNNC.
- EFF
-« DTG

SFRT.COORD

TGTMSWNO.
- LOC
«FSCOORD

.....
A Sl
------
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mission 1is coordinated, determines the time required to

process the regquest, and schedules the output to either
Routipe NNFP.PREP for schedules, or to Routine BTRYFIRE for
normal fire missions. At the scheduled time of transmission,
the routine decrements the battalion mission counter and
determines whether the battalion <can process anothner
mission. If so, the routine pops the gueue and passes
contrel to Subroutine TTFC.FIREMISSION. ATTACK. If the
battalion is incapable of processing another mission cr the
queue is empty, the routine ends.

In some instances, missions are processed to
fire units that subsequently beccme incapable of prosecuting
the mission. In these instances, the routine will receive
input from Routine BTRYSHOOT. control is then passed to
Subroutine TTFC.FIREMISSION.MFR which augments the tinme
wasted counter and transfers control to Subroutine
TTPC.EIﬁEMISSION.FU. At this point, . mission processing
resumes as described above.

End of mission reports are received from Routine
BTRYFIRE amd control is passed to Subroutine TTFC.FIKE
MISSION.MFR. This subroutine updates battalion aissiocr
processing times, computes a new average battalion mission
time and passes contrcl to RCUTIINE ATI.MFR.

C. BATTERY FIRE DIRECTION
1. Battery Fire pDirection Decisior Logic

There is no decision logic associated with the
battery fire direction submodule as only those actions
required to fire a round are modeled. Techrnical fire direc-
tion is not explicitly modeled; however, data regquired by
the model £from the Tabular Firing Tables are included. A
methodology for representing this tabular data in functional

form is described in Chapter 6.
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2. Battery Firing Submodule
a. General

The Battery Firing submodule models the actioans
at the fire wunit upon receipt of a fire order from the
battalion FDC. The fire unit receives and evaluates the
mission priority and fires amy £final protective fire or
immediate suppression immediately. Other missions are placed
in the unit queue by priority.

b. Database

The submodule requires the equations to model
the errors inherent in the firing system and the equations
to model the time of flight and trajectory of projectiles
(see Table 14 ). The methodology used to create the equa-
tions is shown for a M109A2 howitzer in Chapter 6 of this
thesis. If, for the purpose of a particular study, the
exact data 1s required, the tabular data for the appropriate
weapons cah be input.

C. User Imput

The user must input the mean and standard devia-
tion for various actions in the fire unit and the maximum
time that a mission can remain active before requiring vali-
dation (see Table 23).

d. 1Intermal Inputs and Accesses

The submodule is activated by tne receipt of a
fire order froam the battalion TIFC. It accesses the battery
AFU to insure that the unit is capable of firing a mission
prior to executing any mission. If the mission is an adjust
fire or FO controlled mission, the submodule will receive

adjustment data or the order to fire respectively, £from the
FO sutmodule. Before each round, the submodule determines
the time of L£light of the projectile and forwards this data
to both the FIST and battle dapage assessment submodules. At
the ccnclusion of the mission, the submodule receives an end
of mission from the FO, updates its files and forwards the
data to the APU and TIPC (see Table 11 ).
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TABLE 11
BTRYFIRE VARIABLE EXCHANGE

Routine Cali By Call to Variable

TGTINSNNT. "

BTRY.FIRE |TITFC.FIRE « PRI
MISSION <AMNMO1
| <AMMO2

< NUMVOL1

- NUMVOL2

«COORD

«CTL
FU.NRG

[ TGTUSNRO. "
E «onNnCORR
ON .0nnnFFE
TGTMSNNO.
«-CTL=EOM

{TGTHSERO. .~
FO.END «CTL=EOM

TGIASNRD. -
TTFC.FIREMSN « EFFECTS=
NOFIRE

BTRY.SHOOT | el UL
«LOC
through the «I4PACTLOC

scheduler

TGTHSNNC. ——
BTRY.SHOOT | BITRY.FIRE -TOF
through_ the «LOC
scheduler « IMPACTLOC
i

“FO.FTHE TGTHASNNC
MISSION | -.CTL=EOM
BOA BODULE |  IAPACTILOC—

) ——
FIash, Soufd

OPFOR MODULE|]smoke and

trajectory

indicators
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11
BTRYFIRE VARIABLE CHANGE (continued)

bt
L

For how 1-n
0 « AMMO.N
E « NUMRDS

AF QU

<A
upD

o}

MM
AT

TTFC.FIREMSN| TGTMSNNO.
« EFFECTS=
i NOFIKE

TGTASNRO.
{ FO.FIRE « EFF=5HOT
MISSION or BTRYREADY
if CTL = aMC

€. Routines

Routine BTBYFIRE modeis the actions of the fire
unit upon receipt of a fire mission. The routine receives
input from Routine TTFC.FIREMISSION to initiate a mission
and from Routine FO.ADJ for subsequent corrections to an
existing mission. Final ©protective fires and immediate
suppression missions fpreempt existing missions and are fired
inmediately. Subsequent corrections are passed to either
Subroutine BTRYFIRE.ADJ or to Subroutine BTRYFIBE.FFE based
on the type mission. Other missions are queued until the
fire unit is available. When processed from the queue, the
routine perfoms checks to ensure that the fire unit is
capable of processing the mission and has the specified
aunitions. If not, the unit ends the mission and passes
control to Routine TTFC.FIREMISSION. If capable, control is
passed to either Subroutine BTRYFIRE.ADJ for adjust missions
or to Subroutine BTRYFIRE.FFE for <fire for effect missions. |
These subroutines are identical except for their ammunition

requirements and determine the time of flight, firing errors
and corresponding impact location, trajectory and time
required to prepare to fire. At the specified time to fire,
control is passed to Routine BTRYSHOOT.
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End of mission is input from Routine
FO.FIREMISSION and control is passed to Subroutine
BTRYFIRE.EOM which updates the unit status and determines
whether the unit can engage another target. If so, the
subroutine pops the gqueue and passes control to either
Subroutine BTRYFIRE. ADJ or to Subroutine BTRYFIRE.FFE. The
subroutine also outputs the end of mission data to Routine
TITFC.FIRE MISSION.

Routine BTRYSHOOT models the actions at the fire
unit at the time of firing and is activated by the scheduler
from Routine BTRYFIRE. The routine ensures that the unit is
capable of firing before the firing is allowed to occur,
determines the impact time and oﬁtputs the mission to all
appropriate modules. The routine then augaents the volleys
counter, computes the ammunition expended and outputs this
data to Routine AFU.AMMOUPDATE.
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ODULE DATABASE

» A. GENERAL
o This chapter describes the modeling of the database

7, . requiresents for the field artillery modules The submodules
. described below maintain the battlefield geometry, unit
:3 attributes and status, and contain a methodology for repre-
s~i senting tabular firing data in functional form. They
.F‘ access, and are accessed by, npearly every routine in the
) module as shown in Figure 7.1 .The actual logic for these
3§; routines is contained in Appendix G.
iﬁ B. BATTALION SUPPORT SUBMODULE
iA 1. Gemperal
ij The Battalion Support Submodule (SPRT) is a file
3& containing battlefield geometry and is used primarily for
ﬁs fire support coordination. It represents the zones of all
= maneuver units down to company level based on their assigned
33 arcs, and associates forward observers and fire support
23 officers with these areas. Requests for fire from a source
\E will ke compared with the known fire support coordinator
vj and, if they are not the same, coordination with that person
;t] will Le initiated.
”5 2. Database
}3 There is no requirement for any datacase other than
;{' user input to be established.
7 3. User Imput
;3% The user must input data to establish the unit
”ff boundaries and associate fire support persoannel with these
‘i; . zones. This input is not in the TACFIRE format ( see Table
‘\' 24 and Figure 7.2 ).
o,
-
E§ 75
-

\. > .-_-_‘J ‘ T ILE
\. 5)\". ~ N

------------
------

LRSS T
o Py

------



-‘\l'r
N
<o
ey
v
SPRT COORD AFU AMMOUPDATE
Determines target coordination
requirements. input from TTFC on rounds
fired.

Updates ammo status.

Conducts resupply.

Checks threshold, output to

SPRT PREFP BTRYTAC.THRESH .

Determine zone for a fire plan

- AFU RECONS

input on losses from
BTRYTAC OEF

Reconstitutes unit.
AFU UPDATE
Determines unit
effectiveness.

Input on BTR'YTAC

t to AF
and BNT AC routines Output to AFU BNREC

I Changes appropriate
counters

Determmnes umit firing
capability AFU BNREC

Output to AFU file
input from AFU RECONS

Uses fire umt elements
1o reconstitute battalion

Determimnes umt
effectiveness.

Outputs status to AFU file.

Figure 7.1 Internal Database Routines Logic
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UNIT 'UNITNO‘ARCS]FHD NODES]REAR NODES}ZONE #]FSCOORD#

2 88858
N QW

NCOTE: This table represents the sectors as shown:

DIVISION

BRIGADE
BRT

1 R
CcoaA T COBICOC
| I

e | By o e |

— || ——

FPigure 7.2 SPRT Geometric Zones

4. Internal Accesses
The SPRT submodule is accessed primarily by the

Tactical and Technical Fire Control submodule to deteraine
if there is a requirement for fire support coordination.
when the ATI generates intelligence based on a target
opuildup, it accesses the SPRT to determine the appropriate
fire support coordinrator and forwards the information to
that agency. The SPRT is accessed by the NNFP as the first
step of schedule preparation to determine the proper zones
of responsibility. These sectors are then sent to the ATI
and used there as a parameter for the development of the
target list ( see Table 12 ).
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.
TABLE 12
SPRT VARIABLE EXCHANGE
Rout ine Call By Call to Argument
_ |
SPRT.COORD| ATI.MFR.TGT TGTHSNNOiOC
SCTL
TTFC, FIRE . TGTMSNNO.
MISSION .LOC
«FSCOORD
FO.COORD TGTMSNNO.
FSC.INTEL TGIMSNNC.
SPET.PREFP| FSO.INTEL UNITNO.
{NNFP.n
- ITYPE
« CAT
«CTL
ATI.PREFP ATI.ZOK.
PREFP. ‘
LAGE

S. Eoutines
Routine SPRT.COORD determines whether a fire mission

requires coordination and the appropriate fire support
agency with which to coordinate. The routine receives a
target location and FSCOORD indicator from Routine
TIFC.MFR.TGT and determines the unit =zone in which the
target lies. For the zone, the routine then determines the
PSCOORD, compares this with the target FSCOORD and, if they
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are the same, outputs a mission coordination flag to Routine
TTPC.FIREMISSION. If the FSCOORD's are differemt, the target
data is output to Routine FO.COORD for the appropriate
forward observer.

Routine SPRT.PREFP determines the geometric zones to i
be used by the ATI during its search for targets for inclu- f
sion in a fire plan. The routine receives a unit designation |
from Routine FSO.INTEL and, for the unit, determines the !
corresponding geometric zone and the 2zone of its higaer ¥
headquarters. These 2zones are themn output to Routine
SPRT. EREFP.

C. ABTILLERY FIRE UNIT SUBMODULE
1. General
The Artillery Fire Unit (AFU) maintains the status
and capabilities of all fire units and the battaliom FDC to
include.-the current tactical status, equipment status and
ammunition status. Additionally, it is used to maintain
status flags for a variety of areas.

The AFU is primarily a matrix operation with
counters but does contain 1logic used by the submodule to
determine if any thresholds have been exceeded. The organi-

zation of the matrix is shown at Figure 7.3 .

2. Database
The database for the AFU is established by inputting
tbe <capabilities of the egquipment associated with the
battalion. The ammunition supply rate (ASR/CSR) is also
input as well as the resupply fparameter (see Table 25).

3. User Inpput

Y

The user must input the information for each type
equipnent represented in the model which is available to the

EF MAD

battalion and values for tactical thresholds maintained by
the AFU. A list of this equipment and the data requirements
are shown in Table 2o .
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'ﬂ HORITZERS FDC| HOWITZERS FDC| BTRY
ECUIP/PERS A1 A2 A3 a4 1 1A5 A6 A7 A8 2 %TOTAL
o HOWITZER
Nog PRIME MOVER THIS SECTION CONTAINS FLAGS TO
o FDC INDICATE THE STATUS OF MAJOR
ey TACFIRE EQUIPMENT AND PERSONNEL TYPES.THE
Y KT 524 LEVEL REPRESENTED IN THE TABLE
e MINMAN SHOULD CORKESPOND TO THE LEVEL OF
o MI NMANOH RESOLUTION IN THE MODEL
‘. HOWITZERS HOWITZERS
ol AMMUNITION A1 A2 A4 1AS A6 A7 A8 | BTRY
] HE
, HC THIS SECTION MAINTAINS A COUNT, BY
k. WP VEHICLEZ, OF THE AMMUNITION ON HAND
. ILLUM
~ CPICM
& o RAP
oS RA AM
s CLGE
TN T HRESHOLDS 1st PLT 2nd PLT THRESHOLD
R .
‘o ;
ll}f # VOLLEYS THIS SECTION CONTAINS A LIST OF
- OUT OF RG THRESHOLDS FOR MOVEMENT WHICH
- % ATTRIT ARE PERIODICALLY UPDATED
TIME IN PSN
o LATA
e
e ESN
- TIME OCCUPIED
D) RDS SINCE RESUP THIS SECTION CONTAINS DATA
TIME SINCE RESUPPLY AND COUNTERS ON ATTRIBUTES OF
Y IAS THE UNIT WHICH ARE EXPLAINED
- ESNALT1 IN APPENDIX B
SO PSNALT2
SN 13B POOL
b 13E POOL
. FU.nARCS
b o ESNRDS
S MJMESN
5N PSNTIME
o STATUS
YRR
" -
®4 IPKF THIS SECTION CONTAINS FLAGS TO INDICATE
gt NOCONFLICT THE CURKENT STATUS OF TaE UNIT. THE
o] ELTFIRE FLAGS AKE EXPLAINED IN APPENDIX B
1450
-l‘:--(
> J
b e Figure 7.3 Battery APU Matrix
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4. Internal Input apd Accesses

The AFU submodule is accessed by nearly every submo-
dule in the field artillery model. Input comes from the
Battery Fire submodule at the end of every mission. This
report lists the type and amount of ammunition expended amnd
the number of volleys fired. The battery provides logistic
updates vwhenever equipment status changes which is then
reflected in the matrix. The AFU also receives messages when
a unit's tactical situation changes such as, in positioan
ready to fire, march ordered, and in conflict.

The AFU provides output data to the appropriate
submodule whenever a threshhold is exceeded. Movement
thresholds are reported to the battery tactics submodule,
ASR violations and amnunition shortages are reported to the
LOGLISTIICS Module.

Queries of the AFU database are made by the TTFC
during the preparation of every fire. order and by the
pattery firing submodule prior to firing (see Table 13 ).

5. Routines

Routine AFU. AMMOUPDATE updates the ammunition status
after firing or battle damage, and conducts internal
resupply. The routine receives the number of rounds fired,
by howitzer, from Routine BTRY.SHOOT. It then subtracts the
rounds from the apfpropriate equipaent, updates firiag
counters, insures that the unit is not exceeding its

sustained rate of fire and determines whether the unit is
exceeding its controlled supply rate (CSR). If the CSR is
being violated, the data is output to the Logistics module.
Wnile decrementing ammunition counters, the routine deter-
mines whether the unit ammunition comnfiguration is below the
estakblished thresholds and, if so, passes control to
Subroutine AFU. AMMOUPDATE.RES which conducts internal
resupply. For ammunition vehicles which are emptied during
the resupply, control is passed to the Movement module.
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TABLE 13
AFU VARIABLE EXICHANGE

Routine t Call By Call to Variable
|
AFU. AMMO BTRY. SHOOT {For aow 1-n
UPDATE «AMMO.N
« NUMRDS
BTRY.TAC.DEC|PLT.NSTATUS
=, THRESHOLD
.N
| -
LCG MODULE
MOVE MODULE
AFU.QPDATE BTRY. TAC. DEC IPRF = MOVE
- { WOCORFIITT=
BTRY.TAC. DEF NO
BTRY. TAC.OCC |IPRF = YES

AFU. RECONST

e gttt

T. BNV
RECONWST

BDA MOLULE | loss data
) AFU.BNRECONS]PLT.NSTQTUS
T-ITUTRICUNST T T TTTTTT{PTICNSTETUS
BNIAC.THRESH PLT.;STATUS
AFU.RECONST eégﬁgggrs

Routine AFU.UPDATE

file as required and, as such,

Oof sources.

the unit 1is

updates the counters in

the AFU
receives input from a variety
Routine BTRYTAC.DEC chanygyes the f£lag indicating

moving, Routine BTRYTAC.DEF <changes the
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NOCONFLICT flag when a fire unit is engaged and Routine
BTRYTAC.OCCUPY resets all position counters after the unit
occupies a new position. The routine checks all thresholds
after every change and, if one is exceeded, outputs the data
to Routine BTRYTAC.DEC. If no threshold is exceeded, the
routine terminates.

Routine AFU.RECONSTITUIE accounts for battle losses
and reconstitutes the unit into a viable force, if possible.
The routine receives 1loss data from the Battle Damage
Assesment module, decrements all appropriate counters,
determines the equipment status and cross-levels howitzer
personnel to obtain the maximum operational howitzers
possible. Based on the number of operational howitzers, the
routine determines whether the unit is effective and passes
contrcl to Subroutine AFU.RECONSTITUTE.FDC which performs
similar actions for the FDC's. Control is then passed to
Subroutine AFU.RECONSTITUTE.RPT which. models the tine
required to reconstitute, resets the firing status counters
and determines the unit firing capability. The unit status
is then output to Routine AFU. BNRECONST.

Routine AFU.BNRECONST receives input on a unit that

has received casualties from Routine AFU.RECONSTITUTE. I
the unit is still effective, the data is output to Routine
BNTAC.THRESH. For ineffective units, the assets remaining
are redistributed to other battalion units, and are taen
output on the Movement Module. The routine then recomputes
the battalion attrition level, determines whether the value
exceeds the user input value for increasing the importance
of preserving the artillery, and outputs tais data to
Routine BNTAC.THRESH.
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te D. FUNCTIONAL DATA REPRESENTATION

bt% 1. General
- The field artillery module is one small, albeit
o significant, portion of a Corps-level model. As such, it is
1%& imnperative that the execution time of the FA module does not
;~ become prohibitive at the highest 1level of resolution simu-
N lated. Current models use a significant number of look up
ﬂfj tables to portray the data necessary to simulate £field
gg artillery actions. For example, firing data is dependent ou
fi: the range from the gun to the target. This range dictates
- several propelling charges which can achieve the given
f:? range. The charge selection, together with the range, deter-
g& mines the elevation which, in turn, determines the trajec-
“ﬁi tory and time of flight of the projectile and the range and
-;F deflection probable errors of the impact. Representation of
lﬁl this data with any reasonable degree of accuracy requires
;_ matriceé, by charge, in 100 meter range. increments for each
,fl data element listed above. For a M109 series howitzer, this
e would consist of 10 charge matrices with approximately 40
E_# range entries for each of the five elements above ( 10x40x5
f ¢ matrix) which must be accessed for every round fired. This
'*j approach significantly increases the execution time £ the
k artillery portion of the model and is clearly unacceptable.
,fg Additionally, dimpact location error modelliny has been done
:'é by sampling from a bivariate normal distribution which, 1in
h % an expected value model, would result in no firing error.

.'L In an effort to alleviate these shortcomings, ali
.j: data for the field artillery module has been analyzed and,
;fs where feasible, functional foraus have been developed to
ﬂ% approximate the data. The initial analysis revealed that
'jﬁ only the firing data was readily amenable to functional
~Q~ representation. Because firing data is howitzer dependent,
;i; the functional forms for all howitzer combinations are not
igi included in this thesis. The methodology used to create the
S 34
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functicnal representation is explained below using data for
e the M10922 self propelled howitzer as an example.
' 2. Methodology

The entry argument for all firing data is the gun to
target range. Table xvii of the Tabular Firing Table gives
the preferred charge(s) for a given range based on the prob-
able firing errors associated with the charge(s). In
instances where two charges are prescribed, current
artillery doctrine is to select the lower charge to increase
tube life. Using this criteria, the charges for the M109A2
can be specified as a function of range. The data for tinme
of flight, range probable error and deflectjon probable
error for the appropriate charge were then pfplotted as a ~
function of range. Curves were developed for the data for
each element and egquations developed to approximate the
curves (see Fig 7.4 through Fig 7.6 ) using least square

approximation techniques.
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Figure 7.4 Time of Flight vs Bange
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;"{ In some instances, discontinuities in the data reguired that

';_"':: several equations be developed to accurately represent the

XN data for some elements., The functional forams and results of

o the tests are shown in Table 14 .

ol . . . -

_:-_j: The analysis of trajectory curves required a similar
5,

,:ﬁ but @more detailed approach. Since the trajectory for a
charge varies with the range (due to the muzzle velocity and

e elevation), a family of curves had to be developed to repre-
.\: sent the various charges (see Figure 7.7 ). This repesention
oY

‘:;\j results in an error of less than 40 meters in the trajectory
-.~& . N . - . -

'; which is considered an acceptable tradeoff for the signifi-

‘- cant increase in comfputational speed.
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Figure 7.6 Deflection Probable Error vs Range

3. Future Apalysis Reguired

lThe selection of awmmunition type and quantity to
fire on a given target appears to be amenable to representa-
tion in functional form. While our initial efforts failed
to yield a satisfactory solution, the ammunition selectiun
process should be reevaluated after the development of a
generalized target value system. Correlation of target value
to ammunition type or quantity would further reduce the
tabular database and result in another significant decrease
in the module execution time.




TABLE 14
FUNCTIONAL EQUATIONS TO REPRESENT FIRING DATA

FOR RANGE CHG TRAJ EQN
RGK2400 5GB Y=0.19286RG-0. 00010179RG**2

+8.2986E-9RG**3

2400<RG<6000 5GB Y=1.7857+0. 29454RG~-0.0000407 74RG**2
- 1.3889E-GRG**3

6000<RG<8000 5GB Y=9.0417+0. 42046 RG~0.000046452RG**2
- 1.5515E-9RG**3

This analysis could be continued to the system maximunm

range of 30000 meters

TOF 0<RG<904Q0 t=-1.109+0.0037*RG
9000<RG<18000 t=-19.497+0.0048*RG

RANGE PE = 0.92857+0.002u46 *RG
DEFLECTION PE = -1.214+0.0009*RG
RG = range from the gun to the target, in meters

88

T T e S A S T L N
.‘-"nh”‘,-}'.-‘l""-b \.'.*~
DRI N AL AR LA




ALTITUDE (M)
800
L i

400
T

1

La

0 2000

4000
- RANGE (M)

€000

2000

Yes4+/CxX*0123 WHERE: C = 0.4188 0.53401 ~0.000042003 =2.3478-0

" Figure 7.7 Sample Charge 5GB Trajectory




""\

)

- VIII. SUMMARY AND CONCLUSIONS

.

< A. SUNMARY

“

:j 1. The Field Artillery Module

{

+, This thesis presents a different aethodology to

model the actions of the field artillery for the Airland

*i Research Model (ALRM). When combined with the thesis of Cpt.
fﬁ: Robin Lindstrom, the thesis provides a representation of all
L activities of a field artillery battalion except for nuclear
o and chemical target prosecution. While dependent on other
wa theses to properly adapt to ALRM methodology, this thesis
ol has been written to provide a model which requires only
o coding to become an operational module of the ALRM.
o Subsequent development of a Corps/Division command and
23 control-module, and a Corps nuclear and chemical target
2% module would provide complete representation of all field
5! artillery entities which can be assigned to a theatre of
o operatiomns.
vfi 2. Improvements to the Module
ﬁa The field artillery module has been designed in
'f} extremely modular form to facilitate improvements, with each
}{ submodule performing a single task. Inprovemrent to, or
ﬁ; change of the existing logic requires «change only to tae
f% subroutine that contains that logic, given continuity with
e the established variable exchanges listed for the routine.
f; dhile much of the logic may be fine tuned, tae foliowing
éﬁ decision logic reyquires changes based on theses which have
?: not Leen published.
Pb a. Application of Risk to FSO Asset Selection
ol The FSO asset selection outlined in Routine
#ﬁ FSO.ALLCCATE is designed to select assets based solely on a
i{ quantitative analysis of their utility. A submodule which
;ﬂ accounts for the risk status of the unit should be developed
éﬁ and incorporated to the logic.
A‘.
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b. Functional Representation of Ammunition
Selection

Firing data has been reduced from tabular fornm
to functional form which should greatly reduce toth the
database requirement and the computational time for firing
actions. Upon the completion of the generalized value

. system, ampunition selection criteria should be evaluated to
deternine whether they are amenable to functional
representation.

3. Extensions of the Module
. In addition to incorporation to the Airland EKesearch
Model, this thesis has other potential uses.
a. Use in the FAST Model

The United States Field Artillery Scnool
(USAFAS) has expressed an interest 1in using the decision
logic methodology in their analytical model, FAST. Use of
this logic should significantly improve the credibility of
its results while retaining the model's simplicity and speed
of execution.

b. 1Interactive Field Artillery Trainer for FSO's
and FDO's

In my experience, the two least trained officers
in an artillery battalion are the FDO and the FSO. This is
due to the requirement to establish a relatively complex
command post exercise to properly train these officers. Thais
thesis hLas the potential to be adapted to provide this

training on a microcomputer. Using databases from existing
CPX's, varied scenarios could be provided. The officers
could react to situatuions as they occur and compare their
input to the program generated solution. This would provide
an accessinle and timely training tool for artillery
battalions.

B. CONCLUSIONS
This thesis provides the Airland Research Model with the
ability to simulate all types of field artillery and should
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be incorporated into the model. When appropriate, those
areas outlined in paragraph A2 above should be investigated
for possible improvement to the methodology. Additionally,
the thesis will be forwvarded to the Field Artillery School
for use in their model, and for its possible adaptation as
an interactive field artillery trainer.

-- v ‘i‘\.¢ :‘-' :‘*:. v":‘ < : o ;\'\: w\'?‘ :"". U~EC. - -:;a‘ \‘ ﬂ

o




Eall Snd Ball Sob Eab PR b Tl ek Bl I BT BVES S A G I B I P R IR )

APPENDIX A
LIST OF ABBREVIATIONS AND TERAMS

o AFU Artillery Fire Unit module of

55 TACFIRE

ﬁ: | ASR Available supply rate

o ATI Artillery Target Intelligence

- module of TACFIRE

; ATI:®FR Artillery Target Intelligence mission fired
':::‘. report

= BCS Battery Computer System

{: ca . Counteracquisition category of targets

: CASTFOREM The brigade level simulation under development
- by TRASANA

o CENTCOY United States Central Command

o CF Counterfire category of targets

-.' cH Countermaneuver category of targets

.' CSR Controlled supply rate

;) C3 Command, controi and communications category
"E. of targets

:: DS Direct support mission

: FISSTAC The simulation of the TACFIRE sottware used
e by the Field Artillery Center

‘;“:; FDC Fire Direction Center

= FIST Fire Support Te<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>